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Cultures of Candida albicans which have been maintained for some time on 
laboratory media often develop characteristics which differ from those which 
were associated with the culture at the time of its isolation. It has been ob-
served that there is considerable variation among strains of C. albicans which 
have been sent into this laboratory from type culture collections. Martin and 
Jones (1) reported that one fourth of the strains of C. albicans obtained from Cen-
traalbarean voor Schimmel cultures differed from the original descriptions in 
certain features. Many of these strains have been cultured on synthetic media 
over long periods of time and it is to be assumed that this variation represents 
dissociation. 
The study of dissociation is necessary if we are to improve our system of classi~ 
fication, for w:thout a thorough knowledge of the extent to which a species 
varies, it is possible for much confusion to result from the creation of a mul-
tiplicity of species where only one exists. This is well illustrated by the fact that 
Langeron and Guerra (2) in reviewing the literature on C. albicans from 1842 to 
1935 list 102 synonyms for this species. Ciferri, Redaelli, and Cavallero (3) 
list 121 synonyms for the same species which they named M ycotorula albicans. 
This confusion is due in part to the fact that early investigators failed to obtain 
pure cultures of the organisms they were studying. Modem workers, however, 
have continued to "invent" new species and this is due to the fact that dissocia-
tion has not been recognized and taken into consideration. 
The litEirature on dissociation in C. albicans is incomplete and many of the 
reports on variation of this organism are so brief and superficial that they are of 
little value. 
Langeron and Guerra (2) recognized variation in C. albicans due to environ-
mental factors and also the possibility of spontaneous variation. They de-
scribed and pictured the effect of a carbon dioxide atmosphere in bringing about 
increased filamentation, and the effect of temporary desiccation on the arrange-
ment and formation of blastospores. They failed, however, to state whether 
this variation was a fixed characteristic or if the culture would have resumed its 
normal appearance under standard laboratory conditions. They also described 
several types of spontaneous variation in which the arrangement and shape of 
the blastospores were abnormal. These authors laid emphasis on the astonish-
ing plasticity of the yeast-like fungi and concluded that because of this, mor-
phology is a poor basis for classification. 
Wickerham and Rettger (4) showed that environmental factors play a promi-
nent role in determining the morphology of C. albicans. They also recognized 
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the fact that there is considerable variation among individual strains and that 
this variation is hereditary. The most important environmental factor effecting 
the morphology of the fungus was found to be oxygen tension. An abundance 
of available oxygen retarded the production of hyphae, stimulated the growth of 
blastospores, and generally diminished the production of chlamydospores. 
Where the oxygen tension was markedly reduced the organism produced long, 
branching hyphae which often were completely free from blastospores. Tem-
perature also exerted an influence on the morphology of this organism. 
,MacKinnon (5) made a detailed study of the membranous type of variation 
that he first described in 1936. He described fixed variants of C. albicans which 
produce colonies of membranous consistency. These colonies are ·wrinkled and 
present a spiky or slightly downy appearance. They are characterized by 
abundant mycelial growth which MacKinnon considers the product of elongated 
blastospores borne one from the other by sprouting, rather than by septation of 
a. true filament. Verticils of blastospores are replaced by verticils of pseudo-
filaments. No mention was made of chlamydospores. No change occurs in 
the fermentative abilities of the fungus, but the membranous strain is avirulent 
for rabbits. 
MacKinnon (5) described less advanced variants, some of which retained 
their creamy consistency although the central portion of the colony became 
wrinkled and mycelial formation was accelerated. The blastospores of these 
cultures were borne in chains resembling the "candida" type of growth de-
scribed by Langeron and Guerra (2). He concluded that it is possible that all 
strains of C. albicans can vary in the membranous direction. 
Miclde and Jones (6) induced variation in fourteen out of eighteen strains of 
C. albicans by culturing them in lithium chloride or in immune rabbit serum. 
These strains originally presented the characteristics associated with C. albicans 
but by repeated transfer through 0.25% lithium chloride the investigators were 
able to produce both smooth and rough colonies. By selecting a smooth colony 
the typical characteristics of the fungus remained constant; when rough colonies 
were selected the resulting growth on Sabouraud's agar was dry and granular. 
The cells of rough colonies were described as "often approaching the appearance 
of mycelial filaments", while the growth on cornmeal agar was "brush-like with 
clusters of elongated blastospores on the mycelium". No chlamydospores were 
produced. The fermentative characters were unchanged in the rough forms, 
but the authors reported that the process proceeded more slowly. Organisms 
producing rough colonies were avirulent for rabbits. 
Martin and Jones (1) described atypical colonies of C. albicans which had 
been kept under laboratory conditions over long periods of time. They reported 
long, narrow hyphae arranged in wavy parallel rows suggesting the mycelial 
arrangement brought about by lithium chloride. dissociation. The cultures ex-
hibiting this type of grmvth gave typical fermentation reactions of C. albicans. 
Martin and Jones also described a strain which produced a very rough colony on 
DISSOCIATION IN CANDIDA ALBICANS 329 
blood agar. Here the coarsely radiating surface was bound down so closely to 
the media by subsurface mycelia that the colonies had to be picked up whole for 
transplanting. Unfortunately the investigators failed to describe the nature of 
the mycelium in this culture aside from remarking that it was atypical. 
It is conceivable that old strains of the fungus, maintained in culture over a 
period of years, might undergo dissociative changes which would allow them to 
be classified as new species by one who had not followed the changes in the cul-
ture under laboratory conditions. In order to study the extent and type of dis-
sociation which might be expected under ordinary laboratory conditions, ten 
strains of C. albicans were maintained on Sabouraud's glucose agar for periods 
ranging from three to four years. At the end of this time the following charac-
teristics were observed and recorded; (1) appearance of colony, (2) morphology 
of the organism with special emphasis on the presence or absence of verticils of 
blastospores and the formation of "bushy" mycelium, and (3) fermentation 
reactions. 
METHODS 
Ten stains of C. albicans were maintained in stock bottles on Sabouraud's glucose agar 
at room temperature for periods ranging from three to four years. At the time each strain 
was received in the mycology laboratory it was purified by single cell culture, and then 
studied to determine its morphologic characteristics and its fermentation reactions on 
glucose, maltose, sucrose and lactose. Several years later detailed studies were made to 
determine what changes had taken place during the time each strain had been maintained in 
stock culture. 
The organisms were grown in petri dishes containing a layer of Sabouraud's agar 5 mm. 
thick. These cultures were maintained at room temperature for 18 days. The characteris-
tics of the colonies produced by each strain were studied and photographs made of them. 
The morphology of each strain was studied by carefully removing pieces of the colonies 
from the culture and mounting them on slides in glycerine. Camera Iucida drawings were 
made from the material on these slides. 
Fermentation reactions were studied by means of an inverted bell glass inserted in a 
fermentation tube. Each tube contained 5 ml. of the sugar to be tested and the inoculated 
tubes were kept at room temperature for 17 days before they were discarded. 
Since Langeron and Guerra (2) made use of the characters of growth in 2% glucose-1% 
peptone broth in their studies of the genus Candida, the ten strains in this series were cul-
tured on this broth. The results obtained from this procedure proved of no significance 
in the study of dissociation, but for the sake of completeness they have been reported. The 
broth used in this series was prepared by dissolving 10 grams of Bacto-peptone and 20 grams 
of glucose in one liter of distilled water. Sterilization was by autoclave. The tests were 
run in standard test tubes containing 10 ml. of the broth, and a standard loopful of the 
pasty portion from colonies of C. albicans grown on Sabouraud's agar was introduced into 
each tube. The cultures were kept at room temperature for 17 days and each was examined 
periodically for the presence or absence of a ring or pellicle. The nature of the growth in 
each tube was noted, and morphologic studies were made at the end of the culture period. 
Strains studied 
1001 Culture obtained from stock culture collection of the department of bacteriology, 
University of California at Berkeley. Labeled Monilia Type II Murphey strain, 
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1002 Culture obtained from stock culture collection of the department of bacteriology. 
University of California at Berkeley. Labeled Monilia Type II Klein strain. 
1003 Culture obtained from stock culture collection of the department of bacteriology, 
University of California at Berkeley. Labeled Monila Type II Avila strain . 
1021 Culture isolated from sputum of a patient presenting broncho-pulmonary symp-
toms. Veterans Hospital at Sawtelle, California. 
736 Culture obtained from fltock culture collection of the department of bacteriology, 
Stanford University. La.ngeron and Guerra strain #736; labeled Candida 
triadis. 
1022 Culture isolated from sputum of a patient presenting broncho-pulmonary symp-
toms. 
1023 Culture isolated from dermatitis of the hand. 
458 Culture obtained from stock culture collection of the department of bacteriology, 
Stanford University. Langeron and Guerra strain 6458; labeled Candida 
albicanB. 
1004 Culture obtained from Dr. Norman Conant. 
1005 Culture obtained from stock culture collection of the department of bacteriology, 
University of California at Berkeley. Labeled Monilia Type II Roberts strain. 
RESULTS 
Mter a three to four year period of cultivation on Sabouraud's agar at room 
temperature, six of the ten strains of C. albicans presented examples of disso-
ciation, while the remaining four strains showed no change. The six strains 
which underwent dissociation indicate that we may expect C. albicans to vary in 
several directions. 
Five of the six strains showed changes in the characteristics of the colonies, 
the change being from moist, smooth colonies to dry, wrinkled ones. In the case 
of strain 1003, the young culture is pasty, moist and smooth, but as it ages the 
surface is thrown into shallow, radial grooves. Morphologic elements include 
blastospores borne in typical verticillate arrangement, and branching, "bushy" 
mycelium bearing few blastospores. These two types of growth occur side by 
side, the verticillate type predominating. In general it would appear that the 
colony characteristics have undergone little change during four years, but the 
dissociation from the verticillate, blastospore type to the "bushy" type of growth 
is just beginning. 
Strain 1022 shows a pronounced change to a rough type of colony with a 
wrinkled, placque-like area at the center. Morphologically the change is less 
pronounced since the culture is still characterized by well-defined verticillate 
arrangement of blastospores. There is some "bushy", branching mycelium, 
indicating the beginning of dissociation in this direction. 
Strain 1023 shows a more advanced stage of dissociation. The surface of the 
colony is dry, granular and rough, with growth adhering to the substrate. The 
most pronounced morphologic element is "bushy", branching mycelium. Chla-
mydospores are abundant and well developed. Mycelium bearing compound 
verticils of blastospores is present but this type of gro\"\<i.h is not common. It 
is therefore to be concluded that dissociation from smooth to rough colony char-
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acteristics, and from the verticillate, blastospore type to the "bushy" type is 
well established in this series. 
Strains 458, 1004, and 1005 present the most advanced dissociation. Strain 
458 is decidedly membranous in nature and is morphologically characterized by 
the prolific formation of chlamydospores as well as by "bushy", branching 
mycelium. This strain resembles strain 9059 of Wickerham and Rettger (3). 
Strain 1005 presents a very remarkable colony formation since it develops a 
rough, radiating surface which often resembles frozen milk crystals. The 
colony adheres closely to the substrate and is removed from it with difficulty. 
Morphologically the strain is characterized by "bushy", branching mycelium. 
Chlamydospores are frequently formed while blastospores are very rare. 
Strain 1004 differs from strains 458 and 1005 since chlamydospores as well as 
compound verticils of blastospores are absent. There are formed peculiar thick-
walled spores borne on heavy mycelium which resemble the type of growth 
found in old liquid cultures of C. albicans. A similar structure is described by 
Wickerham and Rettger (4) from their strain 9127. The characteristic mor-
phologic element in strain 1004 is "bushy", branching mycelium similar to that 
formed by strains 458 and 1005. The surface of the colony is rough and mem-
branous. 
No distinct correlation exists between the characteristics in Sabouraud's 
broth and the degree or type of dissociation. This is in contradiction to the 
results of Mickle and Jones (6) who reported that smooth forms produced a 
homogeneous sediment in the bottom of the culture tube, the supernatant liquid 
remaining clear. They found that rough forms produced little growth on the 
bottom of the tube but that they formed a surface veil within twenty-four hours 
which continued to grow until it extended five to six millimeters above the sur-
face of the broth. 
None of the ten strains studied formed a pellicle in Sabouraud's broth. In 
all of the cultures a ring or partial ring develops at some time during the seven-
teen-day culture period. There was some degree of correlation between the 
type of growth in liquid media and the tendency toward filamentation. All of 
the strains produced a heavy growth on the bottom of the tube. Strains 1001, 
1002, 1003, and 1022 are characterized by the formation of tiny colonies sus-
pended in the medium, strain 736 forms cottony colonies, and strains 458, 1004, 
1005, and 1023 produce large cottony colonies which are suspended in the culture 
medium. The increase in size of the suspended colonies in the last four strains 
is undoubtedly due to the increased filamentation in these cultures. 
No change in the fermentative characteristics was observed in any of the ten 
strains of C. albicans during the time that they were under observation. Acid 
and gas are formed in glucose and maltose, acid is produced in sucrose, and 
neither acid nor gas is formed in lactose. This is in agreement with the results of 
Stovall and Bubolz (7), Almon and Stovall (8), Hopkins and Hesseltine (9), 
Langeron and Guerra (2), Sergio (10), Mickle and Jones (6), Martin and Jones 
(1), and MacKinnon (5). 
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EXPLANATION OF PLATES I-IV 
PLATE I 
Strain 1023. A. and B. Typical growth of original culture on Sabouraud's glucose agar. 
C. Transition type of growth between mycelium bearing blastospores in verticils and 
"bushy'! type of mycelium, from three-year old culture grown on Sabouraud'lf glucose agar. 
D. Branching mycelium forming "bushy" type of growth which is characteristic of three-
year old strain, from growth on Sabouraud's glucose agar. E. Mycelium bearing well 
defined verticils of blastospores from cultures of three-year old strain on Sabouraud's 
glucose agar. F. Chlamydospores from growth of three-year old strain on Sabouraud's 
glucose agar. G. Growth from Sabouraud's broth: 1, Chlamydospore formation; 2, 
slender, branching mycelium; 8, mycelium bearing blastospores. 
PLATE I 
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PLATE II 
Strain 458. A, B, and C. Typical growth of original culture on Sabouraud's glucose 
agar. Short side branches of pseudo-mycelium bearing blastospores, and the prevalence 
of pseud-conidia, characterized this strain. D. Branching, "bushy" mycelium from four-
year old strain grown on Sabouraud's glucose agar. E. Chlamydospores produced by 
four-year old strain cultured on Sabouraud's glucose agar. Protochlamydospores are 
well developed and the cells adjacent to them are empty. F. Chlamydospores from Sa-
bouraud's broth. G. Slender mycelium bearing blastospores from Sabouraud's broth. 
... .. ,. .. Jlll"'' 
PLATE II 
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PLATE III 
Strain 1004. A. Typical growth of original culture on Sabouraud's glucose agar. B. 
Growth resembling that found in old liquid cultures of C. albicans. This type of growth 
is characteristic of the four-year old strain when it is grown on Sabouraud's glucose agar. 
C. Transition type of growth between mycelium bearing blastospores in verticils and 
"bushy" type of growth which is commonly found when the four-year old strain is grown 
on Sabouraud's glucose agar. D. Branching, "bushy" type of mycelium from four-year 
old strain grown on Sabouraud's glucose agar. E, F, and G. Mycelium from Sabouraud's 
broth. 
PLATE Ill 
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PLATIB IV 
Strain 1005. A. Typical growth of original culture on Sabouraud's glucose agar. B. 
Chlamydospores and protochlamydospores are abundant and well developed in four-year 
old strain cultured on Sabouraud's glucose agar. C. Mycelium bearing blastospores is 
occasionally observed, but compound verticils of blastospores are seldom found in the four-
year old strain. D. Branching, "bushy" mycelium is characteristic of the four-year old 
strain when it is grown on Sabouraud's glucose agar. E. Slender, branching mycelium 
from growth in Sabouraud's broth. F. Chlamydospores from growth in Sabouraud's 
broth. 
F 
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PLATE IV 
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DISCUSSION 
As we come to recognize the limits within which a group varies, both physio-
logically and morphologically, we are better equipped to devise a classification 
which reflects a true picture of the group. No species is unlimited in its poten-
tial possibilities nor do its variations usually fail to confine themselves to a cer-
tain sphere. Consequently it becomes the problem of the investigator to define 
these boundaries of variation by testing a large number of strains from various 
sources. This problem has been approached in several ways by various in-
vestigators. Some have induced variation in cultures of C. albi,cans by culturing 
it in unfavorable media or in the presence of chemicals, some have studied 
variation by changing environmental factors such as oxygen tension and tem-
perature, while others have studied variations as they appear naturally on or-
dinary laboratory media and in cultures isolated from animal tissues and secre-
tions. 
It is evident from the studies reported in this paper that rough and membran-
ous types of variants may arise during culture of the fungus, C. albicans, on 
Sabouraud's glucose agar under ordinary laboratory conditions, and do not re-
quire a change in oxygen tension or the addition of toxic substances to the me-
dium. Furthermore, the characteristics of the rough colonies represent stable 
changes since reversion to the smooth form was not observed. 
When we compare cultures of C. albicans recently isolated from the body with 
one which has been maintained for several years in the laboratory on artificial 
media, it is interesting to outline the changes which may take place after the 
culture becomes a laboratory "specimen". In the tissue the fungus exists pri-
marily in the budding stage with pseudomycelium being formed occasionally. 
Upon isolation and culture on Sabouraud's glucose agar, a smooth, moist, pasty 
colony forms, and the morphologic elements are mycelium bearing compound 
verticils of blastospores and mycelium bearing thick-walled chlamydospores. 
Further cultivation on laboratory media may be accompanied by a change to 
rough or membranous colony which is dry and dull in appearance. Mycelial 
formation becomes so pronounced that whorls of branches replace the clusters 
of blastospores, and blastospores are seldom found. In some dissociated strains 
chlamydospore production is pronounced, while in other strains chlamydospores 
as well as blastospores are no longer formed, and the entire colony is composed 
of branching mycelium. This latter type of variant suggests a condition similar 
to that observed in pleomorphic strains of the genus Trichophyton where old 
cultures produce only sterile mycelium. 
Therefore we must recognize that C. albicans can exist in one of several phases 
and we must make our comparisons not between different phases but between 
corresponding phases. We must ·compare smooth type cultures with smooth 
types, and rough type cultures with rough types. Some of the greatest sources 
of confusion and error in classification are to be found in our habit of attempting 
to make comparisons between fundamentally different things, that is to say be-
tween cultures in different phases of development. 
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SUMMARY 
1. Studies of ten cultures of C. albicaf!,s which were maintained for periods of 
three to four years on Sabouraud's glucose agar show that dissociation in the 
rough to membranous direction may result from prolonged culture on laboratory 
media. Four of the ten cultures remained unchanged, while six strains showed 
varying degrees of dissociation. 
2. Five of the six dissociated strains show a change from smooth, moist colony 
type to rough, dry colony. In the case of strain 1003, the young culture is 
smooth and moist, but as it ages the surface is thrown into shallow, radial grooves. 
3. All of the six dissociated strains produce much-branched, "bushy" myce-
lium, the branches arising at the septa and replacing the verticils of blastospores. 
In strains 1022 and 1003, this type of mycelium exists in the culture together with 
mycelium bearing compound verticils of blastospores. Strain 1023 shows a 
more advanced stage of dissociation since the "bushy" mycelium has almost 
completely replaced mycelium bearing blastospores. Strains 458, 1004, and 
1005 present the most advanced degrees of dissociation. All form colonies which 
are rough and membranous in character. Strain 458 not only produces "bushy" 
mycelium in abundance, but an unusually large number of chlamydospores 
are formed. Typical blastospore formation is suppressed in all three strains and 
in strain 1004 no chlamydospores are formed. 
4. The fermentative properties of dissociated strains of the fungus are un-
changed. 
5. No significant correlation is noted between the characteristics of growth of 
the fungus in Sabouraud's glucose broth and the degree or type of dissociation. 
6. It is concluded that the rough colony type and filamentous morphologic 
form represent changes brought about by the growth of C. albicans on artificial 
media. 
7. Since C. albicans undergoes dissociation when it is maintained for long 
periods under laboratory conditions, we must recognize the possibility that type 
cultures received from type culture collections may exhibit dissociative charac-
teristics and consequently may no longer correspond with the original descrip-
tion of the fungus. 
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